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There is currently limited interstate transmission capacity available to import
energy into California, though several proposed high-voltage transmission facilities that
would increase energy transfer capacity to California are currently being studied by the
Western Energy Coordinating Council (WECC). For Phase 1, RETI will assume that all
non-California renewable generation will require new high voltage transmission to send
energy to California. The cost of the transmission will be based on the cost of a new
500 kV transmission link from the generating facility to the California grid
interconnection point, assigned on a pro-rata basis.

Table 3-7. Transmission

Transmission Methodology Transmission Cost
Category
California resources | Resources will be added to Utility TRCR for network
interconnecting to existing transmission network upgrades based on project
CAISO on up to the maximum level interconnection point up to
existing/upgraded identified in the TRCR for that | max. MW seeking
transmission lines point. interconnection.
Resources in excess of the max. | Resources above that level
identified MW at a given will be assumed to require
location will be assumed to pro-rata transmission on a
require new transmission. new transmission line.
California resources | To be determined — Phase 1B To be determined — Phase 1B
interconnecting w/ activity activity
POU
Non-California All non-California resources Pro-rata allocation of 500-kV
Resources assumed to be connected to new | cost, based on $/MW-mile
interconnecting high-voltage transmission. from project to California
w/CAISO Simplifying assumption that all | delivery point.
new transmission will be 500-
kV
California resources | New California lines will be Based on level of proposed
interconnecting to constructed to the level or resource in the CREZ in the
CAISO using new resource identified within the timeframe
transmission lines development timeframe.

3.6.2 Transmission Cost Additions

RETI Phase 1 will include estimated costs for transmission additions that may be
required to connect discrete projects and CREZs to the grid. This will approximate the
cost of transmission facilities required to meet the project or CREZ requirement, and
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include new transmission, substations and ancillary facilities required to support the new
transmission. Only generation to be developed within the time-horizon (i.e. near, mid, or
long-term) will be considered when sizing a transmission line.

3.6.3 Transmission Costs

The Phase 1 transmission costs will be a proxy for costs associated with
transmission and energy delivery, including capital costs and operating costs, as set forth
below:

e Network and transmission infrastructure costs — For purposes of the Phase 1
economic valuation, the cost of new transmission facilities will be allocated
pro-rata to all new generation projects based on the capacity of the project.

e Wheeling charges (transmission access charges for CAISO resources) - This
includes the variable cost of transmitting power charged by the control area
operator.

e Facility interconnection (or “gen-tie”) costs - These are not considered as part
of the transmission cost in RETI. The gen-tie cost is unique to each
generating facility and is considered as a capital cost for the individual project
and treated as such in the RETI analysis.

e Firm Transmission Rights (FTRs) and Congestion Revenue Rights (CRRS) -
Many generators have FTRs, which allow them access to the CAISO
transmission system. In addition, the CAISO offers CRRs, a financial tool to
hedge against CAISO generation curtailments. RETI recognizes there is value
to FTRs and CRRs, but it is impossible at this time to determine the value of
these for any given transmission line. Consequently, RETI Phase 1 will make
no assumptions regarding FTRs or CRRs.

e Integration Costs — Discussed in more detail in Section 3.7 the
interconnection of intermittent and as-available resources will likely impact
the operation of the transmission system and result in higher costs for
transmission. RETI Phasel makes no assumption regarding these costs.

3.7 Resource Valuation

For RETI to assess and rank projects for the supply curve development, it must
first develop a method to measure the economics of resources on a consistent basis.
Renewable technologies all have different characteristics, with different cost
requirements and energy delivery patterns. Resource valuation is a way to measure
different renewable resources on a comparable basis.
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Black & Veatch has developed a valuation process designed to provide a single
ranking value to a resource. This process is intended to identify those resources with the
combination of lowest cost and highest value. Individual project ranking values will be
used to develop supply curves of renewable resources, and the project values will be one
of the criteria used to develop and rank CREZSs.

Black & Veatch’s valuation approach is similar to the bid evaluation process
many utilities use when procuring renewable resources. The process is summarized in
Table 3-8 with the components discussed below.

Table 3-8. Resource Valuation.

Ranking Cost = Cost — Value

Costs: Value:
Generation Costs Energy Value
+ +
Transmission Cost Capacity Value
+
Integration Costs

The resource valuation methodology was presented to and discussed by the
Phase 1A Working Group. For determination of capacity value, the Working Group
suggested that determination of resource availability be based on average generation
during summer months rather than average availability in all months. This change was
incorporated into the resource valuation methodology.

3.7.1 Generation Cost

The cost of generation is calculated as a levelized cost of energy (“LCOE”) at the
point at which the project will interconnect to the existing transmission system. The
LCOE for a project is the total life-cycle cost of generating electricity at the facility
normalized by the total generation from the facility and is calculated in terms of dollars
per megawatt hour ($/MWh). LCOE provides a consistent basis for comparing the
economics of disparate projects across all technologies and ownership.

For each project, a pro forma financial analysis is conducted to determine the life-
cycle cost. This pro forma model uses input assumptions for key project variables to
determine expected revenues, costs, and year-by-year after-tax cash flow over the project
life. The pro forma model used in RETI is consistent with that used by the CEC in its

14 March 2008 3-25 Black & Veatch




RETI Stakeholder Steering Committee
Renewable Energy Transmission Initiative Phase 1A 3.0 Methodology

Cost of Generation model. It is also very similar to the model used by the CPUC to
calculate the Market Price Referent (MPR), with the necessary modifications to make the
calculations appropriate for renewable resources, including the modeling of tax
incentives, accelerated depreciation, and other incentives.

The analysis includes appropriate assumptions for each project.  Some
assumptions are tailored to be technology specific, such as financing terms and
appropriate tax incentives. Other assumptions such as capacity factor and capital cost
may depend on geography and the available natural resource. These will be assessed on a
project-specific basis in Phase 1B. Facility-specific costs included in the generation costs
are:

e Capital costs

e Generation interconnection costs (“gen-tie”)

e Fixed operation and maintenance

e Variable operation and maintenance

e Heat rate (if applicable)

e Fuel costs (if applicable)

e Incentives

e Net plant output

e Capacity factor

e Economic life

General economic, financing and incentive assumptions common for technology
classes are discussed in Section 4, while technology-specific performance and cost
assumptions are discussed in Section 5.

3.7.2 Transmission Cost

Similar to generation costs, transmission costs in the Phase 1 analysis will be
calculated as the levelized cost of transmission (“LCOT”). This includes the cost of any
transmission network infrastructure upgrades required to interconnect with the grid, and
also all wheeling charges (transmission access charge for CAISO) to deliver the energy.
The cost of connecting the generating project to the grid (or “gen-tie” cost) is part of the
facility costs and will be included in the generation cost of the project. The LCOT for a
project is the total cost of transmission upgrades normalized by the total generation from
the facility and is calculated in terms of ($/MWh). Wheeling costs are be added to the
network costs.

Transmission assumptions will vary by project, depending on the location,
interconnection point, and transmission upgrades required to provide transmission access
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to the facility. For instance, a project located in Washington and selling into the
California market will pay wheeling costs from its point of interconnection to the CAISO,
and will also pay the CAISO transmission access fee.

3.7.3 Integration Cost

The integration cost of a project is the indirect operational cost to the transmission
system to accommodate the generation from the project into the grid. The addition of
substantial amounts of intermittent and as-available renewable resources will result in
substantial generation swings on the transmission system, and the grid operator must
accommodate these swings by ensuring there is sufficient regulation service,
modifications to current daily ramps, additional reserve capacity and voltage support.
Additional integration costs will include wear-and-tear on resources if they are required
to repeatedly cycle to adjust for the intermittent resource output. The CAISO released an
Integration of Renewable Resources analysis in November 2007 and determined that to
add an additional 4,100 MW of wind resources in the Tehachapi area would require
additional regulation service and adjustments to current ramping practices.®

While there is anecdotal evidence that large scale integration of renewable
resources will result in additional system costs, these costs have not been quantified to
date for California. It is expected that the costs will be relatively small compared to the
generation and transmission components of the cost analysis. RETI will not use an
integration cost in Phase 1, though Black & Veatch recommends that this issue be
reconsidered in the RETI Phase 2 and subsequent analyses.

3.7.4 Capacity Value

The capacity value of a generating resource is based on its ability to provide
dependable and reliable capacity during peak periods when the system requires reliable
resources for stable operation. Resources that can provide firm capacity will have a
higher capacity value than resources that cannot. In California capacity value is assessed
by the resource adequacy value. Current resource adequacy practice considers the
average resource capacity factor during the 12:00 p.m. — 6:00 p.m. period year-round.
However, based on guidance from the Phase 1A Working Group, RETI will limit this to
determination of capacity factor during the summer months (June-September). For the
purposes of RETI, this average summer peak capacity factor is known as the *“capacity
credit.”

& California Independent System Operator, “Integration of Renewable Resources”, available at:
http://www.caiso.com/1ca5/1ca5a7a026270.pdf, November 29, 2007.
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The baseline value of capacity is the cost of the next most likely addition of low-
cost capacity, defined as the fixed carrying costs of a simple cycle gas turbine generator.
This includes the capital costs, fixed operations and maintenance costs, and other fixed
charges associated with the gas turbine generator capacity, expressed as a dollar per
kilowatt per year ($/kW-year). The capacity value does not include variable costs, such
as fuel purchases.

This baseline capacity value is adjusted for each project based on its capacity
credit. Resources that are more “firm” receive a higher capacity credit. As discussed
previously, the capacity credit is the average capacity factor for a project during the
period from 12:00 p.m. — 6:00 p.m. during summer months. For new projects, this is
derived from the projected 24 hour by 12 month generation profile for the resource.
When projects are near currently operating generation, the CAISO’s net qualifying
capacity (NQC) values can be used to help determine an appropriate capacity credit.” For
example, for new wind resources in the Southern California Edison territory, the capacity
credit would be 23 percent. For simplification, the comparative capacity credit for the
baseline gas turbine generator is assumed to be 100 percent.

There are other methods to calculate the capacity credit, such as the effective load
carrying capability (ELCC), that might be more accurate. However, basing the capacity
credit on the current resource adequacy approach is relatively straightforward from an
analytical perspective and also consistent with current regulatory practice.

The example Table 3-9 shows the capacity value calculation for three
hypothetical projects based on a hypothetical baseline capacity value of $100/kW-year
and hypothetical capacity factors. This example is included for illustrative purposes only.
The capacity value in dollars per kilowatt-year is calculated by multiplying the capacity
credit by the baseline capacity value. Kilowatt-years are then converted to megawatt-
hours using the project’s annual capacity factor. The formula for calculating capacity
value ($/MWh) is:

Capacity Value ($/MWh) =
(Capacity Credit) x (Baseline Capacity Value) / 8760 hr / (Capacity Factor)

° CAISO, “NQC, Local Area Data and TAC Wind Factor Data for Compliance Year 2008 — Final”
available at: http://www.caiso.com/1833/1833e95e5f760.xls, accessed March 11, 2008.
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Table 3-9. Example Capacity Value Calculation.

. Biomass /
Wind Solar Geothermal
Capacity Credit (CF in summer 12-6) 25% 90% 100%
Baseline Capacity Value ($/kW-yr) $100 $100 $100
Capacity Value ($/kW-yr) $25 $90 $100
Annual Capacity Factor 35% 35% 90%
Capacity Value ($/MWh) $8.15 $29.35 $12.68

Note: Hypothetical example, for conceptual illustration only.

The baseline capacity value is the levelized fixed costs of a simple cycle gas
turbine generator, owned by a merchant generator. This value is sourced from the CEC
Cost of Generation report. The determination is outlined below in Table 3-10.

Table 3-10. Baseline Capacity Value ($2007)

Levelized Fixed Costs of a Simple Cycle Gas Turbine Generator ($/kW-yr)

Capital & Financing - Construction $137
Insurance $8
Ad Valorem Costs $7
Fixed O&M $13
Corporate Taxes (w/Credits) $39
Total Fixed Costs $204

Source: CEC Comparative Cost of California Central Station Electricity Generation Technologies, CEC-
200-2007-011-SF, December 2007.

3.7.5 Energy Value

The energy value of a resource assesses the value of its hourly output to the
energy markets. Resources that produce more power during high-price, peak demand
periods will have a higher energy value than resources that provide power primarily
during low demand periods.

The value of the energy generated by a project is based on a market price forecast
developed using a production cost model. In Phase 1B RETI will use a price forecast
developed by an independent entity using their assumptions rather than assumptions
developed by RETI. Black & Veatch believes this bifurcation of tasks is appropriate to
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avoid any appearance that RETI assumptions will “drive” the analysis towards a
particular set of resources or technology.

The production cost model is anticipated to include 15 zones (identified in Table
3-11, below) and will produce prices for each zone. Energy generated by projects located
within these zones will be valued at the price forecast in the zone. The price periods to
be used include the WECC traded periods: off-peak, on-peak, and super-peak.
Generation profiles for each renewable resource are used to value the output during these
time periods.

Table 3-11. Energy Value Price Zones.

N. California (NP15) Imperial 1.D. N. Nevada
C. California (ZP26) Imperial V. -NG S. Nevada
SCE CAJ/OR Border (COB) Palo Verde
LADWP Pacific Northwest Arizona
SDG&E British Columbia N. Baja (Mex.)

The hypothetical example in Table 3-12 illustrates the energy value calculation
for three projects located in the same price zone. For this simple example, only two time
periods are shown, day and night. The average energy value is the weighted average of
the energy value of every megawatt-hour of energy generated. The formula for
calculation of energy value is:

Energy Value ($/MWh) =
2 [(Energy Value in Time Period) x (Energy Output in Time Period)] / Total
Energy Output
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Table 3-12. Example Energy Value Calculation.

wind Solar Biomass /
Geothermal
Marginal Energy Value Forecast ($/MWh)
Day $85 $85 $85
Night $50 $50 $50
Average Production per Period (MWh/yr)
Day 1,000 3,000 1,500
Night 2,000 0 1,500
Total 3,000 3,000 3,000
Annual Value of Energy ($/yr)
Day $85,000 $255,000 $127,500
Night $100,000 $0 $75,000
Total $185,000 | $255,000 $202,500
Average Energy Value ($/MWh) $61.67 $85.00 $67.50

Note: Hypothetical example, for conceptual illustration only.

3.7.6 Ranking Cost

The generation cost, transmission cost, integration cost, capacity value, and
energy value are combined in a single cost metric that represents the overall economic
merit of a given project or CREZ. This is known as the ranking cost. The ranking cost is
calculated using the following formula:

Ranking Costs =
Generation Cost + Transmission Cost + Integration Costs - Energy Value -
Capacity Value

The ranking cost represents the costs of a renewable energy resource above (or
below) its energy and capacity value. A lower ranking cost (including negative values),
is indicative of a more cost-effective renewable energy project.

3.8 Future Cost and Performance Projections

Despite recent cost increases driven by commodity price, high demand and a
decline in the value of the U.S. dollar, development costs for renewable energy
technologies have generally improved significantly over the past 30 years. These trends
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may continue in the future as new concepts are introduced, tested in pilot and
demonstration programs, and then accepted in the marketplace.

The technologies under consideration for this study include:

e Solid biomass

e Anaerobic digestion

e Landfill gas

e Solar thermal

e Solar photovoltaics

e Hydroelectric

e Wind (onshore and offshore)

e Geothermal

e Marine current

e Wave

Each of the technologies considered for RETI has some potential for technology
improvement prior to 2020, the last year for new project installations in the RETI study
period. However, certain technologies are considered more established than others with
respect to their technology development. For example, hydro is generally considered a
very mature technology, while wave energy is still in its relative infancy. Of the
technologies under investigation, marine and solar have the largest potential for cost
improvements.

The marine energy technologies (offshore wind, wave, and marine current) have
significant potential for cost reductions over the next decade. However, there are
currently no commercial installations for any of these technologies in North America.
While it is hoped that these technologies will become commercially viable during the
RETI study period, it is premature to begin the process of large-scale transmission
planning at this juncture for these technologies. For this reason, consideration of marine
technologies is excluded from Phase 1B, and cost improvements for marine technologies
have not been forecasted. As these promising technologies develop, it is recommended
that future RET]I analyses revisit this assumption.

Costs for solar technologies may also decrease in the future, although this is
uncertain and difficult to predict accurately. Driven by strong demand, large investments
are currently being made in solar R&D and manufacturing. However, as with some other
renewable technologies, high demand may lead to higher market prices for solar
equipment and services. Market signals indicate that solar is economic today. Several
new large-scale solar projects have been recently announced as the result of competitive
utility solicitations. This indicates that large-scale solar can be competitive with other
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